Introduction {#S0001}
============

Trigeminal neuralgia (TN) is a type of neuropathic pain characterized by brief, sudden, and recurrent severe pain in the distribution of the trigeminal nerve. It primarily affects the middle and old-ages and is more commonly seen in women.[@CIT0001]--[@CIT0003] Some studies have showed that TN severely affects the lives and work of patients.[@CIT0004] A variety of treatment options are available for the management of pain for TN patients, such as anti-epileptic drugs, radiofrequency thermocoagulation, chemical (alcohol and glycerol) injections, microvascular decompression (MVD), gamma knife radiosurgery (GKRS) and percutaneous balloon compression (PBC).[@CIT0005]--[@CIT0012] However, each of these therapies has its own unique disadvantage. Long-term use of anti-epileptic drugs can cause various side effects, such as dizziness, nausea and vomiting. Following radiofrequency thermocoagulation, chemical (alcohol and glycerol) injection and percutaneous balloon compression can develop a variety of complications, such as facial numbness, headaches and diplopia. For patients with neurovascular symptoms, MVD is the first-choice for treatment. Unfortunately, this procedure requires a craniotomy and posterior fossa exploration; further, there is a significant recurrence rate. Additionally, this type of surgery may not be suitable for the elderly or those in poor health.[@CIT0013]

In recent years, oxygen-ozone therapy has been widely recommended for the treatment of various diseases, especially neuropathic pain such as lumbar disc herniation and post-herpetic neuralgia.[@CIT0014]--[@CIT0022] The advantages of ozone procedures include minimal trauma, fewer complications and simplicity. Since 2013, patients with TN have been treated by ozone injection at our pain center. Moreover, our team has published our experience on the treatment of TN with ozone injection.[@CIT0015] However, one small sample size. Therefore, we expanded the scope of our previous retrospective review to include two other pain centers which are also using ozone treatment for TN.

Patients and Methods {#S0002}
====================

Study Design {#S0002-S2001}
------------

This research was an expanded retrospective review. The study sample consisted of patients treated with OIAGG across three pain centers from June 2015 to October 2018. This study was approved by the Institutional Review Board of the Aviation General Hospital of China Medical University (approval number HK2018-0820) and complied with Declaration of Helsinki. The application for the waiver of informed consent from the study was approved by the institutional review committee of aviation general hospital of China medical university. The rights and health of the patient were not adversely affected by the waiver of consent. All patient identifiers were removed from the data set at the time of initial collection. Data were collected and analyzed retrospectively for all patients from existing medical records.

Patients {#S0002-S2002}
--------

Inclusion criteria: (1) definitely diagnosed as TN; (2) age ≥18-year-old; (3) visual analog scale (VAS) pain scores ≥4; Exclusion criteria include the following: (1) age \< 18 years; (2) local infection in puncture area; (3) coagulation disorder or hemorrhagic disease; (4) mental illness and inability to cooperate; (5) serious heart, brain, lung, or liver diseases. The flow chart of the entry and exit of patients is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flow chart of inclusion of trigeminal neuralgia patients.

Surgical Procedure {#S0002-S2003}
------------------

Patients were placed in a supine position on the C-arm bed. Vital parameters including pulse rate, electrocardiogram (ECG), noninvasive blood pressure, and oxygen saturation were monitored during the procedure. Meanwhile, intravenous access was obtained. Procedures were performed by one attending physician and one assistant at each center.

All patients in three hospitals were injected with ozone around Gasserian ganglion guided by C-arm. The puncture point was located about 2.5--3 cm outside the corner of the mouth on the affected side. After routine disinfection and draping, local infiltration anesthesia was performed with 1% lidocaine. Using Hartel anterior route, the puncture was performed toward the around the Gasserian ganglion. Then, a 22 G needle (30 mm) was used to puncture along the established angle and path to the area around the foramen ovale ([Figure 2A](#F0002){ref-type="fig"}). A C-arm scan image was obtained to confirm the position of the foramen ovale and needle ([Figure 2B](#F0002){ref-type="fig"}). The angle and depth of the needle were adjusted under C-arm guidance. The location of the needle was examined in coaxial and lateral view by C-arm to make sure the depth of the needle tip did not enter the foramen ovale. The needle does not enter the foramen ovale, which effectively prevents the occurrence of pneumocephalus. After confirming that the tip was around the foramen ovale, the O2--O3 (3--5mL) mixture was slowly injected at a concentration of 30 µg/mL. The O2--O3 mixture was generated by the ozone therapy devices (Ozomed Basic; Kastner-Praxisbedarf GmbH, Rastatt, Germany). Since ozone gas reacts with itself and rapidly decomposes to oxygen, it was required to be produced immediately by ozone generators. The process was carried out at room temperature. All patients were observed for at least 30 minutes after injection. After the vital signs were stable, the patient was sent back to the ward.Figure 2C-arm X-ray scans were performed to confirm the correct localization .**Notes:** (**A**) C-arm image showing the trajectory of the needle after insertion. (**B**) C-arm scan showed that the tip of the trocar was located around foramen ovale. "a" was the point of the needle, "b" was the tail of the needle, and the arrow was the foramen ovale.

Data Collection {#S0002-S2004}
---------------

The following demographic and clinical characteristics were collected from the medical records: age, sex, branch affected, severity and duration of pain, skin temperature, past medical history, tactile sensory and follow-up records. The Barrow Neurological Institute (BNI) scale and visual analogue scale (VAS) were employed to evaluate pain degree. Complications and recurrence of pain were also recorded. The Barrow Neurological Institute (BNI)[@CIT0023] Score is a composite scale assessing TN patients' pain intensity and medication use. The BNI pain intensity scale was used as follows: I (no pain, no medication), II (occasional pain, not requiring medication), III (some pain, controlled with medication), IV (some pain, not controlled with medication) and V (severe pain, no pain relief with medication). The visual analogue scale (VAS) is a widely used measure of pain severity. The 0 point represents the painless state and 10 points represent severe pain.

Facial skin temperature (FST) was evaluated through the use of the non-contact infrared thermometer (Berrcom, model JTB183, Guangzhou, China). Using a series of von Frey fairs (Stoelting, Chicago, IL, USA), we evaluated the tactile responses of facial trigeminal branches. The test was performed in a quiet area, requiring the patient to close their eyes, thereby obstructing the patient's vision. Facial tactile assessments were performed in six areas (three branches of the trigeminal nerves on both sides). A series of calibrated von Frey hairs was applied perpendicular to the facial surface. When the patients responded to the stimulus, the corresponding von Frey date was recorded. If the patient does not respond to the stimulus, select the next largest monofilament and repeat the process.[@CIT0015] FST and tactile sensation should be carried out before the first treatment and after the last treatment.

Follow-Up {#S0002-S2005}
---------

The patients were followed up 6 months, 1 year and 2 years after the operation. The patients were followed up by non-operative staff. During the follow-up, an evaluation of pain using a BNI and VAS were conducted. Side-effects and complications were also included in the follow-up.

Statistical Analysis {#S0002-S2006}
--------------------

All statistical analyses were performed using SPSS Version 24.0 (IBM Corporation, Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviations, and categorical data were presented as numbers (percentages). The independent samples *t*-test was used to analyze continuous data between two groups. Paired t-tests were used for comparing differences before and after treatment. The χ2 and the Mann−Whitney *U*-test were used for comparing the categorical data. Logistic regression analysis was performed to identify the possible impact factors for outcome, such as age, gender and history of underlying disease. Moreover, all significant variables (p \< 0.05) in the univariate analysis were included in a multivariate logistic regression analysis. P \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

As a result, a total of 103 patients were available for analysis, including 48 males and 55 females. They ranged in age from 23 to 89 years (mean, 62.44 ± 11.06 years). The course of the disease ranged from 0.5 to 420 months. Forty-seven patients had pain on the left side, 54 on the right and 2 suffered from bilateral pain. Among the patients, 11 had first-branch (I) TN, 22 second-branch (II), 14 third-branch (III), 16 I+II, 3 I+III, 31II+III, and 6 I+II+III. Before moving to our pain center, 11 patients had received MVD, 14 had undergone pulse radiofrequency (PRF), 2 had been treated with GKRS and 18 had accepted destructive procedures. The demographic and clinical data of the patients are presented in [Table 1](#T0001){ref-type="table"}.Table 1Patient Demographics and Clinical DataCharacteristicsBaseline (Mean ± SD)Gender(n) Male48 Female55Age, year Mean ± SD62.440 ± 11.060 Range23--89Pain Duration, Month Median18 Range0.5--480Pain Side(n) Right54 Left47 Both2Branches Affected(n) V111 V222 V314 V1+v216 V1+V33 V2+V331 V1+V2+V36 Preoperative VAS7.19±1.38Type of Prior Procedure(n) MVD11 PRF14 GKRS2 Destructive procedures18[^1]

There were 58 patients (56.3%) with classical trigeminal neuralgia (group A), while 45 patients (43.7%) with trigeminal neuropathy (group B) caused by post-herpetic neuralgia among all patients in the study. Between group A and group B, there were no statistically significant differences in sex, gender, VAS score, BNI score or pain distribution. The difference of duration of disease between the two groups was statistically significant (P \<0.001).

Forty-five patients in this study had undergone other surgical procedures prior to the ozone injection. Out of forty-five patients, thirty-six had a recurrence after surgery and nine failed after MVD, respectively. Among thirty-six patients, twenty-seven achieved pain relief. Moreover, six of the nine cases responded to ozone injection.

Response according to the BNI Pain Intensity Scoring System is shown in [Table 2](#T0002){ref-type="table"}. A total of 91 patients (88.35%) experienced initial pain relief (BNI score ≤ IIIa) after OIAGG. The 6-month, 1 year, and 2-year pain relief rates (BNI pain scores I-IIIa) in the A and B group were 83.64%, 74%, 72%, and 90.91%, 87.67%, 83.41%, respectively. Post-operative group A and B BNI scores were both significantly improved compared with their respective preoperative BNI scores (P\<0.01). In addition, there was no statistically significant difference in BNI scores between the two groups before and after treatment. The detailed distribution of the BNI scores is shown in [Figure 3](#F0003){ref-type="fig"}.Table 2Barrow Neurological Institute (BNI) Pain Intensity ScaleScoreDescriptionINo pain, no medicationIIOccasional pain, not requiring medicationIIIaNo pain, completely controlled with medicationIIIbSome pain, adequately controlled with medicationIVSome pain, not adequately controlled with medicationVSevere pain, no pain relief Figure 3Details of the BNI score.**Notes:** (**A**) Bar chart showing the BNI score at follow-up in patients with total trigeminal neuralgia. (**B**) Bar chart showing the BNI score at follow-up in patients with classical trigeminal neuralgia. (**C**) Bar chart showing the BNI score at follow-up in patients with post-herpetic trigeminal neuralgia. **Abbreviation:** BNI, Barrow Neurological Institute.

In Group A, the mean VAS score was 7.38 ± 1.34 at pretreatment, 2.74 ± 1.55 at post-treatment, 2.87 ± 1.88 at 6 months, 2.43 ± 2.13 at 1 year, and 2.27± 1.25 at 2 years. In Group B, the mean VAS score was 6.89 ± 1.43 at pretreatment, 3.02 ± 1.27 at posttreatment, 2.95 ± 1.33 at 6months, 2.25 ± 1.91 at 1 year, and 2.23 ± 1.80 at 2 years. The VAS pain scores were significantly reduced in both groups after the procedure (P \< 0.05). There was no significant difference in VAS scores between group A and group B at any time follow-up time period (P\>0.05) ([Figure 4](#F0004){ref-type="fig"}).Figure 4Changes in VAS.**Notes:** There was a significant decrease in pain intensity after the ozone injection in both groups (\*P \< 0.05), and this was even maintained for up to 24 months of the follow-up. No difference was found in the follow-up VAS scores between two groups (P \> 0.05).**Abbreviation:** VAS, visual analog scale.

Before the procedure, the von Frey of groups A and B were 0.122±0.251 and 0.205 ± 0.420g/mm^2^, respectively. In group A, the von Frey was 0.064 ± 0.197 g/mm2, and in group B, the von Frey was 0.011 ± 0.134 g/mm^2^ after the treatment. The von Frey measurements were improved in both groups. In the post-operative period, von Frey measurements decreased in both groups, and the differences were significantly different when compared with preoperative levels (\*P \< 0.05). Tactile detection assessed by the von Frey pre-treatment showed no difference between groups A and B. There was also a significant difference in von Frey measurements of group A and group B after the treatment (^\#^P\<0.05) as shown in [Figure 5](#F0005){ref-type="fig"}. No complications were observed in any of the patients after treatment, such as FST, abnormalities or facial tactile loss.Figure 5Changes in von Frey.**Notes:** Tactile detection: There was no difference in von Frey of group A and group B before the treatment (P \> 0.05). After the ozone therapy, there was a significant decrease in von Frey (\*P \< 0.05) of group A and group B. Meanwhile, the von Frey of group A and group B have a significant difference after the ozone therapy (^\#^P\<0.05).

The patients were divided into two groups: ≤65 years old and \>65 years old. Pain duration was considered a potential predictor and was classified as acute or sub-acute (≤6 months) or chronic (\>6 months). Destructive procedures refer to the destruction of nerves that includes chemotherapy (ethanol and adriamycin), radiofrequency thermocoagulation, PBC and partial sensory rhizotomy. We also classified the patient's diabetes mellitus (DM) status, including the presence or absence of DM and the presence or absence of hypertension (HTN). Age, gender, and duration of pain did not independently predict clinically successful outcomes at 6 months (P \> 0.05). Multivariate regression analysis showed that DM history (OR: 0.087, 95% CI: 0.021--0.368, P=0.001) and destructive procedures (OR: 0.129, 95% CI: 0.027--0.623, P=0.014) had a significant effect at the 6 months evaluation (P \< 0.05). More details are provided in [Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"}. Interestingly, through statistical analysis, DM history was not a significant prognostic factor for treatment effectiveness at the 2-year evaluation (P\>0.05). However, the history of neurological damage still was independently associated with a successful response 2 years after ozone injection (OR: 0.019; 95% CI: 0.000--0.935; P=0.046). Further details are listed in [Tables 5](#T0005){ref-type="table"} and [6](#T0006){ref-type="table"}.Table 3Univariate Analysis of Possible Outcome Predictors for Injection Effectiveness After 6 MonthsCharacteristicsEffectiveNot EffectiveP-valueGender0.985 Male396 Female467Age(years)0.162 \<654810 \>65373Duration0.580 ≤6months303 \>6months5510DM0.001 Yes137 No726Hypertension0.577 Yes232 No6211PRF0.263 Yes103 No7510MVD0.752 Yes72 No7811Destructive procedures0.038 Yes105 No758[^2] Table 4Multiple Logistic Regression Analysis of Possible Outcome Predictors for Injection Effectiveness After 6 MonthsCharacteristicsOR95% CIP-valueDM0.0870.021--0.3680.001Destructive procedures0.1290.027--0.6230.011Constant26.7640.000[^3] Table 5Patient Characteristics at 2 Years Follow-UpPt. No.TN ClassificationAgeGenderSidePre-Operative BNI2 Years Followed-Up BNIPre-Operative VAS2 Years Followed-Up VASDM\
HistoryDestructive Procedures HistoryPre-Von FreyPost-Von Frey1Primary68FRight5180NN0.0080.0082Primary68MRight5171NN0.0080.0083Primary46MLeft4292NY0.0080.0084Primary68MRight41101YN0.60.0085Primary65MBilateral5180NN0.0080.0086Secondary64FLeft4477YY0.0080.0087Secondary48FLeft4271NN0.0080.0088Secondary59MLeft5181NN0.070.0089Secondary70FLeft4282NY0.0080.00810Primary62MLeft4282NN0.0080.00811Primary69FRight4488YY0.070.00812Primary66FLeft4181NN0.0080.00813Primary81FLeft5394NN0.0080.00814Primary63MLeft5364NY0.0080.00815Primary73MRight5282YY0.60.616Primary60FRight4283NN0.0080.00817Primary75FRight4181NN0.0080.00818Secondary51MLeft4152NN0.0080.00819Secondary74FRight5182NN0.0080.00820Primary80MRight4262NY0.020.00821Primary23FLeft4276NN0.0080.00822Primary60FLeft5482NN0.0080.00823Primary74FLeft5282NN0.20.224Secondary67FRight5282NN0.0080.00825Secondary64FLeft5192NN0.40.00826Secondary81FRight4292NN10.00827Primary38MRight4273NN0.0080.008[^4] Table 6Multiple Logistic Regression Analysis of Possible Outcome Predictors for Injection Effectiveness After 2 YearsCharacteristicsOR95% CIP-valueDM0.0790.002--2.6800.158Destructive procedures0.0190.000--0.9350.046Gender0.0850.002--3.2970.186Age1.0500.936--1.1790.406Constant17.0000.404[^5]

Pain Recurrence {#S0003-S2001}
---------------

Six patients suffered pain recurrence between 2 months and 1 year after the procedure. It is worth noting that two patients were triggered by eating irritating food. Among the six patients, 5 people were in group A and one person belonged to group B. The postoperative recurrence rate was 5.83% (6/103). Three of the patients received ozone therapy again. Reassuringly, the pain VAS scores of the three relapse patients significantly decreased after the second ozone injection treatment. In addition, one of the patients underwent nerve root resection and the pain was not alleviated. The other two patients did not receive any other treatment.

Side Effects and Complications {#S0003-S2002}
------------------------------

Three cases of facial swelling and one case of nerve root pain returned to normal within one day. No other serious complications or side effects were observed. In addition, no complications were noticed in patients during follow-up.

Discussion {#S0004}
==========

TN is a disorder of the trigeminal nerve that results in intense episodic pain, which impacts the quality of life.[@CIT0002] The pain can be so intense that in some literature TN has been called the "suicide disease". The treatment of patients with TN is always a challenge in clinical practice. To date, there is no an ideal treatment method that is suitable for all patients under all situations. Obviously, new and innovative treatment options are warranted. Currently, ozone therapy is one of the minimally invasive treatments available.

Over the past several years, our team has carried out a large number of examinations on the treatment of TN with ozone injection. Fortunately, considerable progress has been made in our research. As reported in our previous single-center study, OIAGG has been shown to be a safe and effective treatment modality. But it is regrettable that the research[@CIT0015] had some shortcomings, including the fact that as a single center we had small sample sizes. In previous research, we used computed tomography (CT)-guided ozone injection around Gasserian ganglion for the treatment of TN. However, we identified the disadvantages associated with CT guidance such as high cost, low efficiency, and large amounts of radiation. Therefore, in this study, we used a C-arm to guide the placement of our catheter, which effectively avoids the above shortcomings. Meanwhile, this study also confirmed the feasibility of C-arm guided ozone injection around Gasserian ganglion for treatment. In addition, Chang et al researches indicated that ultrasound can be used to guide the injection of trigeminal neuroglia.[@CIT0024],[@CIT0025] An ultrasound device is portable and easy to operate without radiation, saving manpower and material resources. The ultrasound-guided ozone injection around the Gasserian ganglion for the treatment of TN might be a worthwhile method in the future.

This multicenter research results have extended our previous research results and documented that our original work is both duplicated and extended. In previous study, after the treatment, VAS scores were significantly decreased in both groups when compared with the preceding treatment (P \< 0.05). As for Von frey data, group B has shown an obvious decline after the treatment. However, there was no significant difference between the two groups before and after the therapy (P \> 0.05); in this study, the results of the clinical measures such as VAS, Von Frey and facial skin temperature, are consistent with previous single-center study. The difference is von Frey test results, there was a significant decrease in group A and group B after the ozone injection in this research. Meanwhile, group A and group B after the procedure have a significant difference compared with that before the procedure in the test. Using our von Frey data, we found that the current ozone injection has a protective effect on tactile sensitivity. In other words, ozone treatment can maintain normal facial touch and avoid facial numbness. The VAS and von Frey data results of this study show that ozone injection can relieve the pain of TN and improve the patient's tactile sensitivity.

Compared to single-center study, we have added new comprehensive assessment measures for TN. The BNI score was an assessment of trigeminal patients from both pain intensity and drug use. The results of BNI were consistent with the VAS. After the treatment, the trend of BNI and VAS scores was decreasing. The result indicated that the patient pain intensity and medication used have improved after the ozone therapy.

Notably, the pain relief rate in group B was better than that in group A. Moreover, the patients who recurrent were mainly from group A and only one patient in group B recurrent. This phenomenon was same with previous research results. Despite many therapeutic options are available, post-herpetic neuralgia (PHN) is still a very difficult disease. An important reason is that the varicella-zoster virus can persist in the ganglion for long time and persistent neural injuries.[@CIT0026] In this research, ozone was injected around the ganglion. We assume that ozone's anti-inflammatory and antiviral may play a role in the treatment.

Single-center study had suggested that gender, age and pain duration were not associated with the treatment effectiveness. Similarly, the results of this study also showed that influencing factors, such as age, pain duration, and gender, did not affect treatment outcomes. In addition, we found that history of diabetes mellitus had a significant effect on the treatment results at 6 months followed-up. Furthermore, the history of neurological damage was an independent factor affecting 6 months and 2 years treatment outcome. It can cause damage to tissues throughout the body, particularly in the nervous system. Diabetes is a chronic disease characterized by hyperglycemia. It can cause damage to tissues throughout the body, particularly in the nervous system. Different degrees of neuropathy caused by hyperglycemia might be the reason that affects the therapeutic effect. Besides, at 2 years of follow-up, diabetes was no longer influencing factor and may be associated with better glucose control. In addition, destructive treatment makes it difficult to repair damaged nerves. This may be the reason why the treatment has been affected.

Ozone could improve the microcirculation and supply the oxygen and nutrients. Therefore, ozone can eliminate accumulated inflammatory factors, improve blood circulation, and thus reduce pain.[@CIT0027],[@CIT0028] The analgesic mechanism of ozone injection in TN was not completely clear. Fortunately, there was an experimental animal[@CIT0029] had shown that ozone can repair the facial nerve that is being crushed. The experimental results provide a theoretical basis for our research. However, this experiment used intraperitoneal injection, which is systemic administration. Currently, there are no reports on the experimental studies of local drug administration.

We used ozone injection of the Gasserian ganglion for the treatment of TN in previous study. During the treatment, place the needle into the foramen ovale. However, two cases of suspected pneumocephalus occurred during previous treatment. Thus, we improved the operation process by placing the needle around the foramen ovale instead of placing the needle into the foramen ovale, which is safer than before. Moreover, in the current study, there was no occurrence of pneumocephalus. In addition, we think that is safer for patients to use liquid ozone in the future.

Limitations {#S0005}
===========

This study has several mentionable limitations. First and consistent with the retrospective nature of this study, some data were missing or incomplete. Second, in this study, the concentration and dose of ozone were fixed and there was no dose-response examined. Thus, further well-designed, controlled, double-blinded randomized, trials are needed.

Conclusion {#S0006}
==========

In this multicenter retrospective analysis, the examined outcomes proved that OIAGG was a safe, effective and non-injurious method for the treatment of TN patients. Thus, we recommend that the use of ozone therapy is considered before any surgical intervention or when surgery is not possible. Moreover, directed ozone injection using a C-arm system is both safe and feasible. In addition, ozone injection around the Gasserian ganglion avoids the occurrence of pneumocrania; however, further studies are needed to define the optimal dose and concentration for ozone treatment.
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[^1]: **Abbreviations:** VAS, visual analogue scale; MVD, microvascular decompression; PRF, pulsed radiofrequency; GKRS, gamma knife radiosurgery.

[^2]: **Abbreviations:** DM, diabetes mellitus; MVD, microvascular decompression; PRF, pulsed radiofrequency.

[^3]: **Abbreviations:** DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.

[^4]: **Abbreviations:** TN, trigeminal neuralgia; F, female; M, male; BNI, Barrow Neurological Institute; VAS, visual analogue scale; DM, diabetes mellitus; Y, yes; N, no.

[^5]: **Abbreviations:** DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.
